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Summary

Autoimmune diabetes mellitus is a rare but significant side effect of treat-
ment with immune checkpoint inhibitors. Immune checkpoint inhibitor-
induced diabetes mellitus (CPI-DM) is characterized by acute onset of 
dramatic hyperglycemia with severe insulin deficiency and occurrence 
following exposure to programmed cell death-1/programmed cell death 
ligand-1 (PD-1/PD-L1) inhibitors rather than cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4) inhibitors. As a growing number of patients 
undergo immunotherapy, further understanding of the characteristics of 
CPI-DM patients is needed for improved prognostic and diagnostic ap-
plication in order to reduce overall morbidity for this already at-risk 
population. Additionally, understanding of the features and mechanisms 
of CPI-DM may contribute to understanding mechanisms of spontaneous 
type I diabetes mellitus (T1DM). Here, we summarize the clinical features 
of CPI-DM and interrogate the genetic and cellular mechanisms that may 
contribute to the disease, as well as the clinical challenges for predicting 
and treating these patients as increasing cancer immunotherapies reach 
clinical utility.
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Introduction

The discovery of immune checkpoint inhibitors (CPIs), which 
include Food and Drug Administration (FDA)-approved 
agents targeted against cytotoxic T lymphocyte-associated 
protein-4 (CTLA-4), programmed cell death-1 (PD-1) and 
PD-ligand 1 (PD-L1) has changed the landscape of cancer 
therapeutics. At homeostasis, these immune checkpoints are 
important in the maintenance of peripheral tolerance but 
can be co-opted or evaded by malignant cells to enable 
cancer growth (Fig. 1). CPIs were first approved for use in 
treatment of metastatic melanoma; now a growing number 
of cancer types and genetic anomalies receive survival benefit 
from these therapeutic modalities. Further clinical trials are 
under way to determine if CPIs in combination with other 
immunotherapies, conventional chemotherapies and radia-
tion will provide greater benefit than CPIs on their own.

Despite their efficacy for tumor therapy, with the 
growing use of CPIs the frequency of autoimmune com-
plications has become increasingly apparent. These 

autoimmune complications, called immune-related 
adverse events (irAEs), often involve the endocrine tis-
sues and include hypophysitis, thyroiditis and adrenalitis 
and autoimmune diabetes (CPI-DM) [1,2]. Mechanisms 
of irAEs are proposed to be heterogeneous, including 
possible tissue destruction mediated by T cells (myo-
carditis, vitiligo), inflammatory cytokines (colitis), com-
plement activation (hypophysitis) and autoantibodies 
(thyroiditis) [3]. Endocrine irAEs are unique relative to 
other irAEs, as they are only rarely reversible and are 
not ameliorated by steroids. In CPI-DM, as in type I 
diabetes mellitus (T1DM), steroids appear to both fail 
to reverse β cell dysfunction and worsen insulin resist-
ance. Because of the high morbidity associated with 
diabetes, CPI-DM is of particular clinical concern despite 
its rarity, with estimates between 0·2 and 1·4% [2,4–7] 
of CPI-treated patients. As CPIs are increasingly used 
in lower stage cancers, including adjuvant settings and 
in complex therapeutic combinations, it is imperative 
to understand the risk of an adverse effect with such 
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a high impact on quality of life. Furthermore, the emer-
gence of autoimmune diabetes following targeted modu-
lations of immune signaling may allow for insight into 
the factors contributing to development of conventional 
type 1 diabetes mellitus (T1DM).

In this review, we describe the key features of CPI-DM 
and consider their utility in providing mechanistic under-
standing in the context of CPI-DM, irAEs and general 
islet autoimmunity. To describe the key characteristics of 
CPI-DM, we use a growing body of literature that includes 
a recent review by De Filette and colleagues [5] that 
summarizes 91 case reports, institution specific case–series 
that include an additional independent 53 cases [27 from 
University of California San Francisco (UCSF) and Yale 

(five of which were included in De Filette et al.’s case 
summary) [4], 21 from Mayo Clinic [7] and 10 from 
Melanoma Institute Australia [6])] and a recent analysis 
of the World Health Organization (WHO) pharmacovigi-
lance database [8], which approaches CPI-DM from a 
global perspective and has fewer patient-specific details. 
Together, these papers encompass the current understand-
ing of CPI-DM from a clinical perspective.

Case definition and natural history

Various reports have used different case definitions for 
CPI-DM, as there is no accepted version. Our preferred 
strict definition is a severe and persistent insulin deficiency 

Fig. 1. Immune Checkpoints and Immune Checkpoint Inhibitors (a) In the lymph node, naïve T cells are activated by a two signal system. The MHC 
complex on an antigen presenting cell (APC) presents antigen to the T cell receptor (TCR) on the naïve T cell. Costimulation via CD80 or CD86 on 
the APC binding to CD28 on the naïve T cell then leads to T cell activation. (b) In the lymph node, the presence of CTLA-4 expression on either the 
naive T cell or regulatory T cells (Treg) prevents binding of CD80 or CD86 on the APC to CD28 on the T cell, thereby effectively inhibiting the 
immune response. In the periphery, the presence of PD-L1 on the tumor leads to inhibition of effector T cells. (c) Immune checkpoint inhibitors 
prevent inhibition of the immune response. CTLA-4 inhibitors act in the lymph tissues by blocking CTLA-4, thereby allowing the second signal for 
activation of naïve T cells via CD28. At the tumor, PD-1 inhibitors bind to PD-1 expressed on the effector T cells and PD-L1 inhibitors bind to PD-L1 
expressed by the tumor; this allows for activation of the immune response.
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as characterized by (1) presentation in diabetic ketoacidosis 
(DKA) or very low to absent insulin C-peptide levels 
and (2) insulin dependence for at least weeks to months 
past the acute diagnostic period. CPI-DM must be dif-
ferentiated from exacerbated type II diabetes mellitus 
(T2DM). Key features of the natural history can help 
with this differentiation. CPI-DM is often characterized 
by a severe and acute clinical presentation at the time 
of diagnosis. For example, DKA occurs in half to three-
quarters of cases at initial clinical presentation, the accom-
panying hyperglycemia can be more severe than in 
conventional T1DM and the onset is abrupt [4,5,8,9]. As 
overall awareness of CPI-DM increases, presentation in 
DKA may be decreasing due to earlier recognition and 
intervention [6]. CPI-DM can occur despite pre-existing 
T2DM, but it is exceptionally difficult to differentiate 
CPI-DM from exacerbation of underlying T2DM unless 
the pre-existing T2DM is well controlled without insulin 
[4,6,7]. Despite marked hyperglycemia at diagnosis (at 
times more than 1000 mg/dL), hemoglobin A1c (HbA1c) 
levels are usually only mildly elevated at presentation 
(7·6–8·0% [4–6]), which supports the acuity of this disease 
[9]. Interestingly, it has also been observed that pancreatic 
lipase levels are elevated in a subset of patients at the 
time of presentation [4,5], which may be accompanied 
by a decreased size of the pancreas [5]. Taken together, 
this suggests that pancreatic exocrine dysfunction may 
play a role in disease onset in at least a subset of patients.

The length of time from CPI initiation to onset of CPI-DM 
is highly variable. It occurs within days of the first treat-
ment cycle to years following treatment initiation [4,5,7,10,11]. 
Median time to diagnosis is between 7 and 17 weeks 
[4,8,10,12]. Onset has been reported to be faster in indi-
viduals with the following features at the time of CPI-DM 
diagnosis: presentation in DKA [4,5,10], positive islet autoan-
tibodies [4,5,10] and, possibly, in patients receiving combina-
tion PD-1 and CTLA-4 inhibitors rather than PD-1 inhibitor 
monotherapy [5]. These differences in timing of onset due 
to autoantibody presence and other clinical features suggest 
the possibility of mechanistic heterogeneity in CPI-DM.

CPI-DM is almost always permanent. Out of all pub-
lished cases, only two cases report insulin therapy dis-
continuation. In the first reported case [13], a 58-year-old 
man was treated with pembrolizumab (a PD-1 inhibitor) 
for metastatic melanoma when he developed severe fasting 
hyperglycemia [blood glucose (BG) over 400 mg/dL]. He 
was not in DKA and C-peptide levels were not checked 
at that time, although detectable anti-GAD65 autoantibod-
ies were noted. Pembrolizumab was stopped and a multi-
dose insulin regimen started. Almost 3  weeks later, while 
on insulin, the patient had a mildly elevated fasting BG 
and a C-peptide well within the normal range. Insulin 
therapy was then stopped, and a subsequent fasting BG 
was just barely in the diabetic range with a normal 

C-peptide. While this case is consistent with acute hyper-
glycemia without clear etiology aside from CPI exposure, 
he did not meet our strict definition for CPI-DM as he 
may have never been insulinopenic. In the second case 
[14], a 53-year-old man was initially treated with ipili-
mumab (a CTLA-4 inhibitor) and nivolumab (a PD-1 
inhibitor) combination therapy for metastatic melanoma. 
After developing immune-mediated hypoparathyroidism 
(a very rare endocrine irAE) and colitis, he stopped CPI 
therapy and was treated with oral corticosteroids and 
infliximab. Following resolution of his colitis, he restarted 
nivolumab monotherapy. Weeks later, he developed seron-
egative oligoarthritis, which was initially treated with cor-
ticosteroid injections. Days later, a random BG was  
400 mg/dL with an inadequate C-peptide of 2·2 ng/ml 
and detectable islet autoantibodies. A mixed meal tolerance 
test showed both impaired insulin secretion and reduced 
peripheral insulin sensitivity. He was started on insulin 
for his new diagnosis of diabetes and infliximab for the 
oligoarthritis. During this treatment window, he had reversal 
of his diabetes and was able to discontinue insulin. As in 
the first case, insulinopenia was never documented and, 
furthermore, there was indeed evidence of peripheral insulin 
resistance. As these cases did not meet our strict definition 
of CPI-DM, it is unclear if these cases are examples of 
recovery from CPI-DM despite autoantibody evidence  
of islet autoimmunity. They could instead be examples of 
partial β cell destruction (possible partial CPI-DM) or 
recovery from impaired insulin sensitivity, such as is seen 
with steroid-induced hyperglycemia.

Interestingly, CPI-DM may portend an improved tumor 
response to CPI therapies [4,6]. Development of other 
irAEs has also been reported as a marker of improved 
tumor response [15–18], but this is not a consistent find-
ing among irAEs [19]. These conflicting results may be 
from distinct effects of different irAEs in individual cancer 
types due to tissue and tumor-specific mechanisms. For 
example, vitiligo in patients with melanoma [18] might 
be meaningful, given the potential for shared antigens 
that connect the tumor and autoimmune responses, while 
the mechanistic influence of CPI-DM on a distinct cancer 
process such as melanoma remains obscure. Another pos-
sibility is that irAE treatments may diminish the anti-tumor 
response to the same degree that autoimmunity had 
increased it. An attenuated anti-tumor response has been 
reported in hypophysitis patients treated with high-dose 
instead of low-dose corticosteroids [15]. Not all irAEs 
and tumors have shown such an association [19]. Further 
complicating matters, the association between irAEs and 
cancer response is confounded by survival bias, in which 
patients must remain on treatment and survive long enough 
to develop an irAE. Nevertheless, it is important to evalu-
ate this trend and consider what it may mean for the 
underlying mechanism of CPI-DM.
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Clinical attributes and epidemiology

The demographics of CPI-DM cases probably reflect the 
demographics of patients receiving CPIs (Table 1). The 
average age is in the 60s [4,5,7,8] and there is a slight 
male predominance [4–8]. Non-Hispanic Caucasians are 
the major race/ethnicity affected with CPI-DM, but a 
meaningful minority of Asians are affected (15–25% [5,8]). 
Akin to T1DM, rates of personal history of thyroid disease, 
either prior to CPI initiation or as a thyroid irAE, are 
probably higher than the background population rates 
[4,5,8]. Congruent with the longer FDA approval for CPI 
use, melanoma is the most common type of associated 
cancer, followed by lung cancer. However, it is important 
to note that it remains unknown whether this solely reflects 
the indications for use of CPIs rather than a connection 
between the site of cancer and irAE.

Islet autoantibodies

Islet autoantibodies directed towards β cell antigens are 
a hallmark of conventional T1DM. Islet autoantibodies 
precede the development of T1DM by years [20] and are 
used to identify individuals at particularly high risk for 
T1DM prevention studies. By the time of diagnosis, more 

than 90% of those with T1DM will have at least one 
positive autoantibody if testing for all four known islet 
autoantigens is conducted [GAD65, zinc transporter 8, 
insulin, islet antigen 2 (islet cell antigen 512)] [21]. In 
contrast, compiling autoantibody data from the reported 
cases and case–series, only 49% [4–7] of CPI-DM indi-
viduals are positive for any islet autoantibody; anti-GAD65 
is by far the most common at 45%.

Due to the rapidity of onset for CPI-DM, it was hypoth-
esized that autoantibodies may develop following irAE 
yet, in extended follow-ups ranging from 1 to 32 months 
after diagnosis, islet autoantibodies remained negative [6]. 
Within the UCSF cohort of our previously described 
case–series [4], a fraction have developed insulin autoan-
tibodies since initial diagnosis while being treated with 
insulin (unpublished data). In the subset for whom autoan-
tibodies were present at CPI-DM diagnosis, it is unknown 
if they were present preceding treatment, potentially allow-
ing for risk prediction, or whether they have developed 
during the course of treatment. Pretreatment serum was 
available for a limited number of cases, and these have 
had mixed results [4,22–24]. It is also unknown if the 
presence or absence of these autoantibodies represents 
different forms of CPI-DM. Determining the frequency 

Table 1. CPI-DM clinical attributes reported in different cohorts

 
Case report 
review [5]

UCSF and Yale 
cohort [4]

Melanoma Institute of 
Australia cohort [6]

Mayo Clinic 
cohort [7] Pharmacovigilance cohort [8]

Number of subjects (n) 91 27 10 21 283
Male (%) 60 63 90 90 56
Average age (years) 61       64
DKA at diagnosis (%) 71 59 40 38 50
Median time to diagnosis          

Median weeks (range)   20 (1–228) 25 (4–63) 21 (3–103) 17 (1–113)
Median cycles (range) 5 (1–17) 6 (1–78)   4 (1–17)  

PD-1/PD-L1 exposed (%)a 96 96 100 100 96
Cancer type          

Melanoma (%) 53 52 100 43 43
Lung (%) 15 18 0 24 32
Other (%) 32 30 0 33 24

HLA type          
Subjects with full HLA typing (n) 51 16 8 – –
Susceptible HLA (%)b 61 69 25 – –
Protective and susceptible HLA (%)b 4 0 13 – –
Protective HLA (%)b 16 0 25 – –
HLA-DR4 (%) 49 76 38 – –

Islet autoantibodies          
Subjects with islet autoantibody testing (n) 88 25 10 7 –
Any islet autoantibody (%)c 53 40 20 71 –
Anti-GAD65 autoantibody (%) 49 36 20 57 –

aPD-1 inhibitor or PD-L1 inhibitor either as monotherapy or combination therapy;bas defined by authors;cislet autoantibodies: GAD65 = zinc trans-
port 8, IC 512/ IA2, insulin, ICA; – = data not available. PD-1 = programmed cell death 1; PD-L1 = programmed cell death ligand 1; HLA = human 
leukocyte antigen; DKA = diabetic ketoacidosis; CPI-DM = immune checkpoint inhibitor induced diabetes mellitus; UCSF = University of California 
San Francisco.
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of autoantibodies in cancer patients prior to treatment 
and subsequent irAE development is of interest, and high-
lights the need for longitudinal collections. Notably, in 
thyroid irAEs, there is growing evidence that the presence 
of thyroid autoantibodies precedes the irAE [25]. The 
presence of islet autoantibodies may identify a biomarker 
for risk of CPI-DM that merits further investigation in 
the population.

Genetic predisposition

Genetic predisposition may contribute to development of 
CPI-DM as it does to spontaneous T1DM. Human leu-
kocyte antigen (HLA) genes contribute to encoding the 
major histocompatibility complex (MHC) I and II that 
enable antigen presentation to CD8+ and CD4+ T cells, 
respectively. They are significantly associated with a large 
number of autoimmune diseases and may also be associ-
ated with irAEs. There is evidence that specific individual 
HLA types were enriched in colitis [26], pruritis [26], 
rheumatoid arthritis [27] and hypophysitis [28]. In con-
ventional T1DM, the highest risk derives from the heterozy-
gous combination of DR3-DQ2 and DR4-DQ8 with 
increased risk still conferred by each of these alleles on 
their own [29]. In Asian populations, different HLA types 
confer high risk of T1DM and fulminant DM, most promi-
nently DR4-DQ4 and DR9-DQ9 [30,31]. There are also 
particular alleles that confer relative protection to T1DM 
in both Caucasian and Asian populations, exemplified by 
DR15-DQ6 [29,31]. HLA typing was performed in a subset 
of the published CPI-DM cases and patterns in HLA sus-
ceptibility have emerged. We have previously reported that 
the prevalence of DR4 was significantly higher than expected 
in a Caucasian population and relative to a T1DM cohort 
[4]. All but one case had either a DR4 or DR3 allele [4] 
and 69% had a high-risk T1DM DR-DQ haplotype, defined 
as DR4-DQ8, DR3-DQ2 or DR4-DQ4 in an Asian indi-
vidual. No one had a protective HLA type. De Filette and 
colleagues [5] defined susceptible HLA alleles as A2, DR3 
or DR4, or DR9 in a Japanese population. They report 
similar results for susceptible haplotypes (65%) but a lower 
prevalence of HLA-DR4 (49%). Interestingly, protective 
alleles may not be as robust in CPI-DM as in the general 
population. Both Tsang and colleagues [6] and De Filette 
and colleagues [5] report CPI-DM cases despite having 
protective HLA types, some but not all of whom also had 
susceptible HLA alleles [5,6]. At present, autoantibody pres-
ence has not been associated with HLA type [12,32]. With 
increasing case ascertainment, this association should be 
revisited to ensure that its absence is not merely due to 
a limited sample size.

Non-HLA genes have also been associated with increased 
risk for T1DM. Some of these genes are essential to encode 
for immunomodulatory markers important for both 

anti-tumor immunity and autoimmunity, such as CTLA-4, 
interleukin (IL)-2 and IL-2 receptors [33]. By combining 
a series of HLA and non-HLA-based single nucleotide 
polymorphisms (SNPs) in these high-risk genes, a genetic 
risk score (GRS) has been developed that can differentiate 
between T1DM and T2DM [34]. In a case study of a 
CPI-DM patient, GRS was indeterminant [24]. The GRS 
places the greatest weight on the HLA type for T1DM 
prediction; however, the high-risk HLA types for CPI-DM 
may be different and weights may need to be adjusted. 
Furthermore, non-HLA SNPs may have differing impor-
tance; there may be new PD-1/PD-L1-sensitive SNPs which, 
in combination with drug exposure, confer risk for release 
of immune constraints and breakdown of self-tolerance 
in the pancreas. This highlights that while CPI-DM may 
share some characteristics of T1DM, the genetic landscape 
of CPI-induced autoimmune manifestations may not be 
reflective of the spontaneous conditions. Large-scale studies 
are needed to elucidate the genetics of irAE and CPI 
response in the setting of cancer genetics.

PD-1/PD-L1 inhibitor exposure predominates

To date, the majority of CPI-DM cases have been asso-
ciated with the use of PD-1 inhibitor therapy. 
Approximately three-quarters of patients were on PD-1 
inhibitor monotherapy at the time of CPI-DM diagnosis 
[4–8]. A combination PD-1 and CTLA-4 inhibitors was 
the next most common (17% [4–8]) followed by PD-L1 
inhibitors (6% of the combined cases [4–7], 3% in the 
pharmacovigilance data [8]). A small minority of the 
cases were on CTLA-4 monotherapy (3% of the com-
bined cases [4–7], 4% in the pharmacovigilance data 
[8]) at the time of diagnosis. Many, but not clearly all, 
the cases that occurred on CTLA-4 inhibitors had prior 
exposure to alternate immunotherapies including 
nivolumab and IFN [4,5]. Of note, of the CPIs with 
the most FDA-approved indications, pembrolizumab and 
nivolumab are both PD-1 inhibitors. Combination and 
monotherapy with CTLA-4 inhibitors has been FDA-
approved for only a limited number of cancers, which 
may account for the lower incidence of diagnoses in 
combination-treated patients.

Potential mechanisms for PD-1/PD-L1 in the 
induction of CPI-DM

The implication of PD-1/PD-L1 inhibitors in over 95% 
of the CPI-DM cases highlights the importance of the 
PD-1/PD-L1 axis in mediating tolerance towards pan-
creatic islets (Fig. 2). This has been previously observed 
in mouse models using the non-obese diabetic (NOD) 
mouse, in which PD-1 inhibitors, but not CTLA-4 inhibi-
tors, rapidly induces diabetes in adult mice [35,36]. 
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Similarly, in antigen-specific tolerogenic models, PD-1/
PD-L1 inhibition can disrupt long-term anergy in the 
islets leading to autoimmune diabetes [37,38]. This sug-
gests that the NOD model may provide utility to delineate 
mechanisms by which PD-1/PD-L1 inhibition induces 
CPI-DM. In the tolerogenic setting, inhibition of PD-1/
PD-L1 but not CTLA-4 initiated antigen-specific CD4+ 
T cells to swarm dendritic cells (DCs), leading to lower 
cellular velocity and prolonged T cell-DC engagement 
within the pancreatic lymph node (LN) [38]. In addi-
tion, using an autoreactive T cell transfer model, it was 
possible to examine the regulation and kinetics of 
BDC2·5+CD4+ T cells at physiological conditions in both 
autoimmune-susceptible organs, such as the pancreatic 
islets, and the periphery [39]. Notably, in response to 
PD-L1 inhibition, antigen-specific BDC2.5+CD4+ T cells, 
which are predominantly PD-1+, displayed increased 
proliferation and a greater number of polyfunctional 
cells [39]. These changes are similarly observed in PD-1-
deficient BDC2·5+CD4+ T cells, but not those that are 
PD-L1 deficient. PD-1-deficient NOD mice also accu-
mulate insulin-specific autoreactive CD4+ T cells in the 
pancreatic LN [40]. Together, this data highlights that 
PD-1 engagement in immune cells is critical for restrain-
ing antigen-specific T cell responses.

In addition to the immune response to PD-1/PD-L1 
inhibitor-mediated autoimmune diabetes, it is important 
to consider changes to immunomodulatory markers in 
inflamed self-tissue. In NOD mice, PD-L1 expression in 
β cells correlated with increased age and immune infil-
trate in the islets, with diabetic mice displaying the 
highest PD-L1 levels [41,42]. An adaptive immune 
response within the islets appears critical for the up-
regulation of PD-L1, as immunodeficient recombination 
activating gene 1 (RAG1)-knock-out mice did not express 
β cell-derived PD-L1; however, they were able to up-
regulate PD-L1 in response to interferon (IFN)-γ stimu-
lation, and to a lesser extent IFN-α, in vitro [41,43]. 
Notably, in the human pancreas, PD-L1 expression in 
islets was present in autoantibody-positive and T1DM 
patients at greater levels than T2DM patients and healthy 
controls [41]. Therefore, PD-L1 expression in the pan-
creas is likely to be indicative of an attempt to subdue 
an inflammatory response by engaging PD-1-expressing 
self-reactive T cells.

Access to CPI-DM pancreatic tissue is limited by 
clinical constraints, but one case report of pancreatic 
pathology in a CPI-DM case is available [44]. A 63-year-
old man with a history of well-controlled T2DM devel-
oped CPI-DM while on nivolumab (a PD-1 inhibitor) 

Fig. 2. Hypothesized Mechanism for CPI-DM. Genetic predisposition is likely to play a role in development of CPI-DM. In individuals with a genetic 
predisposition, there are likely two components that are required. First, some unknown trigger that leads to b cell stress and priming of an immune 
response through PD-L1 expression on the b cell along with recruitment of CD8+ T cells and APCs to the pancreas. Second, exposure to a  
PD-1/ PD-L1 inhibitor likely reinvigorates exhausted CD 8+ T cells. It is likely that these events may occur in either order. Once these two events  
have occurred, b cells fall victim to primed CD 8+ T cells.
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for metastatic renal cell carcinoma with tumor involve-
ment of the pancreas leading to radical pancreatectomy. 
Immunohistochemical staining of non-tumorous pan-
creas revealed increased T lymphocyte infiltration of 
islets and very few  β cells. CD8+ T cells were found in 
and around the pancreatic islets more than CD4+ T cells  
with an absence of macrophages. Overall, most but  
not all islets were PD-L1-negative; however, none of the 
residual  β cells expressed PD-L1. These findings must 
be interpreted with caution. While this patient had a 
typical course for CPI-DM (DKA at presentation, unde-
tectable C-peptide, high-risk T1DM HLA type, negative 
islet autoantibodies), his pancreatic metastasis and history 
of T2DM make him relatively unique to other cases. 
Nonetheless, this is the only report, to our knowledge, 
of pathology of a CPI-DM pancreas and suggests that 
CD8+ T cells may play an important role in mediating 
this irAE. The lack of PD-L1 expression on the few 
surviving β cells raises questions as to whether injured 
β cells may have expressed PD-L1 prior to and leading 
to their destruction. In other irAEs, the T cell immune 
infiltrate in the affected tissue has also been shown to 
play a critical role in mediating autoimmune disease. 
In two patients who developed myocarditis following 
combination CTLA-4 and PD-1 inhibitors, a T cell-
predominant infiltrate in the heart was noted, with both 
CD4+ and CD8+ T cells [45]. T cell receptor sequencing 
in these individuals revealed an increase in a T cell 
clone shared in the tumor, cardiac muscle and skeletal 
muscle. Additionally, PD-L1 was expressed on injured 
myocytes. CD8+ T cells have been found in colonic 
biopsy in PD-1 inhibitor- but not CTLA-4 inhibitor-
induced colitis [46], highlighting the differential patterns 
of irAE dictated by therapy. Further tissue samples from 
patients with CPI-DM will be essential to understanding 
the immune phenotype of this irAE but will continue 
to be extremely rare unless uniform efforts to collect 
irAE affected tissue are employed.

Clinical challenges

Making the diagnosis

CPI-DM can be challenging to diagnose. Often, patients 
have multiple random BG checked but may not have 
recent HbA1cs to help differentiate between T2DM exac-
erbation and new onset CPI-DM. Autoantibody testing 
in CPI-DM is not definitive for diagnosis, creating the 
potential for antibody-negative individuals to be misclas-
sified. C-peptide levels are often not tested, and if tested 
too close to the initial event may be confounded by  
β cell dysfunction from glucotoxicity. In addition, patients 
often have generalized inflammation from metastatic cancer 
or exposure to corticosteroids, either for irAEs or as part 

of cancer therapy, both of which lead to increased insulin 
resistance. Furthermore, clinicians must be aware that not 
all new-onset diabetes associated with CPIs is from auto-
immunity directed towards the β cell—there are now case 
reports of diabetes due to CPI associated generalized 
lipodystrophy that is associated with severe insulin resist-
ance rather than insulin deficiency [47,48]. Therefore, 
development of diagnostic assays would be extremely 
useful.

Future directions for immunotherapy

In addition to improving our understanding of islet 
autoimmunity, understanding the pathophysiology of 
CPI-DM will allow for better clinical care of CPI-treated 
patients. Knowledge of CPI-DM risk factors and bio-
marker discovery will allow for an enhanced risk–benefit 
discussion with patients as they initiate cancer immu-
notherapies. Clinicians would be able to perform closer 
surveillance on patients at higher risk, which may include 
use of home glucometers or detailed anticipatory guid-
ance that could prevent DKA and hospital admissions. 
As more cancer immunotherapies become available that 
target a greater number of immunomodulatory molecules, 
it may even contribute to oncologists’ treatment deci-
sions. In the future, identification of very high-risk 
patients or those with early-onset disease may enable 
an intervention to change the CPI-DM course. Recently, 
teplizumab, a humanized anti-CD3 monoclonal antibody, 
was reported to delay the onset of T1DM in high-risk 
individuals [49]. Interestingly, teplizumab trials have 
identified an increased frequency of KLRG1+TIGIT+ 
CD8+ T cells [49,50] in responders relative to non-
responders. It seems plausible that this particular 
exhausted T cell phenotype is what is reinvigorated by 
PD-1/PD-L1 inhibition. While teplizumab and many of 
the other agents tested in T1DM immunomodulation, 
such as abatacept (CTLA-4-Ig), would be unacceptable 
to use in the cancer population due to their interference 
with the T cell response that is critical for anti-tumor 
immunity, other agents that have been reported to extend 
C-peptide production, such as rituximab (anti-CD20), 
imatinib (tyrosine kinase inhibitor) and tocilizumab 
(anti-IL-6) [51] may potentially be applicable for use 
in cancer patients. Biomarker discovery that would allow 
early detection of β cell destruction would be critical 
to identify patients prior to complete loss of insulin 
production. Possible biomarkers might include cytokines, 
novel autoantibodies and high-risk genetics, among other 
factors. In the setting of T1DM, β cell-specific DNA 
demethylation of insulin genes (INS1 and INS2) can 
identify β cell dysfunction prior to alterations in gly-
cemic control in peripheral blood [52–55]; however, this 
would need to be validated in CPI-DM. Use of these 
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medications and biomarkers require further study in 
preclinical models prior to consideration in clinical 
trials.

As cancer immunotherapy progresses, novel combinations 
of agents are being tested in an attempt to find synergy 
between therapeutic regimens. It is essential that irAEs be 
considered within these combinations as they often limit 
the ability to continue treatment [1,56], despite possibly 
being a sign of therapeutic response [4,15–18]. Preclinical 
studies of these synergistic combinations should at least 
attempt to consider separating the effects of anti-tumor 
immunity from autoimmunity, particularly as many immu-
nomodulatory therapies that are moving towards clinical 
trials also appear critical for mediating autoimmunity [56]. 
The non-obese diabetic (NOD) mouse and our understand-
ing of T1DM can play an important role in this. In both 
mice and humans, immune-related loci have been implicated 
in the development of many forms of autoimmunity and 
are often associated with immune checkpoint genes [57,58]. 
For T1DM in NOD mice, these include insulin-dependent 
diabetes (idd) susceptibility loci localized to relevant 
immune checkpoints, including IL-2 and IL-21 (idd3), 
CTLA-4 and inducible co-stimulatory molecule (ICOS) 
(idd5), and genes related to TNF signaling such as TNFRSF9 
(CD137), TNFRSF8 (CD30) and TNFRSF1B (TNFR2) (idd9) 
that mediate T cell function in either regulatory T cells 
or CD8+ T cells [59–61]. The ability to modify the onset 
of the autoimmune response, through sophisticated genetic 
models in which NOD mice are congenic for loci from 
autoimmune resistant C57BL/6, C57BL/10 strains, allows 
for interrogation of the contribution of these genes in 
mediating CPI-DM. Notably, the idd3, idd5 and idd9 mice 
displayed reduced autoimmune diabetes onset following 
anti-PD-L1 treatment [62]. This suggests that certain genetic 
loci control pathways critical for autoimmunity, and it 
remains to be seen whether abrogating the pathogenic 
autoimmune response impedes anti-tumor immune 
responses. By evaluating pathways that may prevent auto-
immune responses independently of anti-tumor immune 
responses it may be possible to develop therapies that 
strategically inhibit irAEs, particularly as a greater arsenal 
of therapeutic modalities become available [56]. However, 
as these new agents and novel combinations enter the 
clinic, clinicians must maintain a high level of vigilance 
to determine patients at high risk and the kinetics by 
which a new spectrum of irAEs may establish.

Conclusion

CPI-DM is an emerging form of autoimmune diabetes 
that shares many but not all traits with forms of previ-
ously defined autoimmune diabetes. First, the age of 
onset is later than T1DM and even latent autoimmune 

diabetes in adults (LADA), due to the later age of expo-
sure to CPIs. CPI-DM occurs almost exclusively in the 
setting of exposure to PD-1/PD-L1 inhibitors, either 
alone or in combination with other immunotherapies, 
and occurs extremely rarely following CTLA-4 inhibitor 
monotherapy. The time to onset of CPI-DM can be 
many months after CPI initiation, suggesting that there 
may be an additional trigger required beyond exposure 
to PD-1/PD-L1 inhibition. It is not yet established what 
these triggers may be, so it is unclear if they are shared 
environmental exposures. The acuity of onset is faster 
than LADA, which is diagnosed at a later age than 
T1DM, similar to CPI-DM, but has a slower progression 
to insulin dependence [63]. It is also faster than con-
ventional T1DM, where there is some C-peptide produced 
even 2 years after diagnosis [64]. The acute course may 
be most similar to the fulminant T1DM that has been 
described in Asian individuals [31]. The presence of 
autoantibodies in only half the individuals with CPI-DM 
is also quite different than T1DM and LADA in which 
autoantibodies are almost always present by the time 
of diagnosis [21,63] but also different from the afore-
mentioned fulminant T1DM in which autoantibodies 
are negative in almost all cases [31], suggesting the 
possibility of mechanistic heterogeneity. The known high-
risk T1DM HLA haplotypes can be used as a basis for 
analysis of CPI-DM genetic risk. The majority of indi-
viduals who develop CPI-DM have some genetic sus-
ceptibility to T1DM, most commonly harboring the 
HLA-DR4 allele [4,5]. Given the similarities to fulminant 
T1DM seen in Asian populations, patients should also 
be assessed for HLA types that confer high risk to this 
subgroup of autoimmune diabetes. With these differences 
in mind, it is clear that CPI-DM is a distinct form of 
autoimmune diabetes that should be studied to more 
clearly understand islet cell autoimmunity.
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